FH loss increases vulnerability toward oxidative stress in RPE cells
In order to assess whether the silencing of CFH altered the response of hTERT-RPE1 145 cells to oxidative stress, we investigated cell lipid peroxidation levels after H2O2 146 treatment ( Fig. 2A ). In our model, lipid peroxidation levels were significantly increased 147 only in the absence of FH 48 hours after the oxidative treatment ( Fig. 2A ). As shown 148 in Fig 2B, cell viability was not affected in the absence of CFH expression in PBS 149 alone, and pre-treatment with H2O2 had no effects on the siNeg control cells, 150 confirming the known high antioxidant capacity of RPE cells [21] . However, cell 151 viability was significantly reduced exclusively when RPE cells missing CFH expression 152 were stimulated with H2O2 ( Fig. 2B ), indicating increased vulnerability toward a short 153 exposure to oxidative stress in FH deprived RPE cells. In parallel, we investigated cell 154 membrane damage via a cytotoxicity assay. Silencing of CFH in RPE cells led to an 155 increase in RPE cell damage, irrespective of H2O2-induced oxidative stress (Fig. 2C ). 157 hTERT-RPE1 cells were seeded, let attach overnight and silenced for 24 hours with 158 negative control (siNeg) or CFH specific (siCFH) siRNA. Cells were exposed for 90 159 minutes to 200 µM H2O2 or PBS and specific dyes were added after 48 hours. A Lipid 160 peroxidation levels were assessed via BODIPY® 581⁄591 C11 fluorescent dye. and two-way ANOVA (combined effects) as described in the methods section. * 168 p<0.05, **p<0.01. 170 To investigate the influence of FH on RPE cell metabolism, the extracellular 171 acidification rate (ECAR) was monitored as an indication of glycolytic function using 172 the glycolysis stress test. Fig 3A shows a schematic representation of glycolysis 173 pathway highlighting the substances used in the Seahorse analyses. Glucose, 174 oligomycin and 2-deoxyglucose (2-DG) were sequentially injected (as shown by the 175 arrows in Fig. 3B ) to modulate glycolysis responses and ECAR. Fig. 3B shows ECAR 176 measurements in siNeg cells and siCFH cells pretreated with PBS or 200 µM H2O2 for 177 90 minutes. Basal levels of glycolysis were found to be significantly lower by 43% in 178 RPE cells deprived of FH, compared to siNeg controls ( Fig 3C-D) . This reduction was 179 even more pronounced when the CFH knock-down cells were pre-treated with H2O2 180 ( Fig 3C) , with glycolysis being reduced by 63% compared to cells treated only with 181 H2O2 ( Fig 3C) . Glycolytic capacity was significantly reduced only when CFH knock-182 down cells were pre-treated with H2O2 ( Fig 3C) , showing a reduction of 50 % 183 compared to siNeg control cells ( Fig 3D) . Also, glycolytic reserve in siCFH H2O2 184 treated cells was slightly reduced compared to both siNeg controls ( Fig 3E) . 185 Consistently, glucose uptake was reduced significantly in siCFH cells after H2O2 186 exposure compared to siNeg control cells ( Fig 4A) . In parallel, mRNA expression of 187 glucose transporter GLUT1 was reduced in H2O2-treated siCFH cells compared to 188 both treated and untreated controls ( Fig 4B) . Gene expression of LDHA (lactate 189 dehydrogenase A), an isoform of LDH which preferentially converts pyruvate to lactate 190 [22] , was also significantly reduced in all siCFH cells, more pronouncedly after 191 peroxide treatment ( Fig 4B) . Fig 5A) . No significant differences 249 were observed in any of the experimental conditions ( Supplementary Fig 2A) . Erythroid 2 Like 2 (NRF2) have been shown to positively influence mitochondria 253 metabolism and antioxidant response [26, 27] . To test whether FH loss leads to a 254 dysregulation of those factors, we analyzed gene expression levels of PGC1a and 255 NRF2 ( Supplementary Fig. 2B ). No differences were detected for NRF2. On the other 256 hand, PGC1a levels were higher in absence of FH. This result would suggest an 257 improvement in mitochondria function, which was not the case in our model. We also 258 measured transcriptional levels of antioxidant enzymes which are induced by PGC1a
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Figure 2. FH loss increases vulnerability toward oxidative stress RPE cells.
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FH loss impairs glycolysis in RPE cells
259
[28], like Peroxiredoxin 3 (PRDX3), Catalase (CAT), Glutathione Peroxidase 1 260 (GPX1). We found no differences in PRDX3, a slight upregulation of CAT and a 261 significant increase in GPX1 in the absence of FH ( Supplementary Fig. 2C ). These 262 data suggest that RPE cells lacking FH are unsuccessfully trying to respond to an 263 oxidative stress situation. Another mechanism of mitochondrial quality control is 264 mitophagy, a mitochondria specific autophagy [29] . We found a significant alteration 265 in the expression levels of genes regulating mitophagy ( Fig 6A) , like PTEN induced 266 putative kinase 1 (PINK1) and E3 Ubiquitin-Protein Ligase Parkin (PARKIN) and 267 mitochondria dynamics ( Fig 6B) , like Dynamin-Related Protein 1 (DRP1) and OPA1 268 Mitochondrial Dynamin Like GTPase (OPA1) when FH was missing ( Fig 6B) . An 269 alteration in mitophagy levels and mitochondria dynamics would lead to an increase 270 in damaged mitochondria or altered mitochondria turnover. activity likely promotes destabilization of mitochondrial structure and function, followed 400 by perturbation in mitochondrial energy metabolism, structural maintenance of 401 mitochondria and an increase in mitophagy.
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In conclusion, this study provides insight into a new mechanism by which FH 403 dysregulation could contribute to processes relevant to AMD. FH reduction renders 404 RPE cells more vulnerable to oxidative stress, with the lipids being particularly 405 affected. RPE cells lacking functional FH show a reduced bioenergetics profile, in 406 regard to both, glycolysis and oxidative phosphorylation. We hypothesized the 407 involvement of mitophagy and mitochondrial dynamics in the process. Taken together, 408 our results suggest a non-canonical role of FH in AMD and highlight its protective role 409 in RPE cells against oxidative stress and metabolic reprogramming, which could help 410 our understanding of the early stages of the disease. Future therapeutic strategies that 411 systemically target the complement system may consider that simple systemic 412 inhibition of complement activity alone may be insufficient to successfully treat AMD. normality test) was used to compare data from control cells (siNeg) versus siCFH cells 545 and H2O2-treated cells, as well as to compare siNeg and siCFH cells after pre- shown, n=3. Data are normalized to housekeeping gene PRPL0 using Δ ΔCt method.
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Significance was assessed by Student t-test (single effect) and two-way ANOVA 572 (combined effects) as described in the methods section. * p<0.05, ** p<0.01.
573
Suppl. Figure 4 . Assessment of optimal concentration for H2O2 pre-treatment. 574 hTERT-RPE1 cells were seeded, let attach overnight and exposed for 90 minutes to 575 increasing concentrations of H2O2 and after 48 hours cell density was analyzed via 576 Crystal Violet staining. 
